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FLEET-BASED AVERAGE LANE CHANGE
AND DRIVER-SPECIFIC BEHAVIOR
MODELLING FOR AUTONOMOUS
VEHICLE LANE CHANGE OPERATION

TECHNICAL FIELD

The present disclosure relates generally to autonomous
vehicle operation, and 1n particular, some 1implementations
may relate to improving lane change maneuvers for a more
organic motion.

DESCRIPTION OF RELATED ART

Autonomous vehicles or highly automated vehicles can be
configured to operate 1n a plurality of operational modes. An
example of an operational mode 1s one 1n which a computing
system 1s used to navigate and/or maneuver the vehicle
along a travel route with minimal or no mput from a human
driver. Such vehicles are equipped with sensors that are
configured to detect information about the surrounding
environment, including the presence of objects 1n the envi-
ronment. The detected information can be sent to the com-
puting system. Other operational modes can include differ-
ent levels of human input, including a manual mode 1n
which a human dniver navigates and/or maneuvers the
vehicle through the surrounding environment. Such autono-
mous vehicles can be configured to switch between the
various operational modes.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure, 1n accordance with one or more
various embodiments, 1s described 1n detail with reference to
the following figures. The figures are provided for purposes
of 1llustration only and merely depict typical or example
embodiments. The embodiments illustrated in the figures
should not be interpreted as limiting the scope of the
technology disclosed herein.

FIG. 1 1s a schematic representation of an example hybrid
vehicle with which embodiments of the technology dis-
closed herein may be implemented.

FIG. 2 illustrates an example architecture for sensor data
collection and transmission in accordance with embodi-
ments of the technology disclosed herein.

FIG. 3 illustrates an example lane change modelling
system 1n accordance with embodiments of the technology
disclosed herein.

FIG. 4 illustrates an example generic model generation
process 1n accordance with embodiments of the technology
disclosed herein.

FIG. 5 1llustrates an example specific model generation
process 1n accordance with embodiments of the technology
disclosed herein.

FIG. 6 A shows an example driver-performed lane change
data plot 1n accordance with embodiments of the technology
disclosed herein.

FIG. 6B shows an example {first stage data plot of gen-
cration of an enftity-specific lane change model 1n accor-
dance with embodiments of the technology disclosed herein.

FIG. 6C shows an example second stage data plot of
generation of an entity-specific lane change model 1n accor-
dance with embodiments of the technology disclosed herein.

FIG. 7A shows an example 1dentification of driver-spe-
cific lane change maneuver models for a plurality of drivers
associated with a first vehicle model in accordance with
embodiments of the technology disclosed herein.
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FIG. 7B shows an example identification of driver-spe-
cific lane change maneuver models for a plurality of drivers

associated with a second vehicle model and a predicted
driver-specific model 1n accordance with embodiments of
the technology disclosed herein.

FIG. 8 1s an example computing component that may be
used to implement various features of embodiments
described 1n the present disclosure.

The figures are not exhaustive and do not limait the present
disclosure to the precise form disclosed.

DETAILED DESCRIPTION

Currently, autonomous driving systems perform lane
changes in a mechanical manner. Most current autonomous
or semi-autonomous driving systems pre-program how a
lane change 1s to be conducted. This generally results 1n a
very morganic movement (1.e., not very human-like). Given
the number of vaniables involved 1n the decision (e.g., traflic
level, speed of vehicle closing in the target lane, etc.),
making a lane change in autonomous or semi-autonomous
mode can present great risk to the safety of those in the
changing vehicle and others in proximity. As such, the
program 1s designed from a worst case scenario, such that
the same lane change decision model i1s applicable 1 light,
medium, or heavy traflic.

Embodiments of the systems and methods disclosed
herein are provided to create lane change models for autono-
mous or semi-autonomous driving systems to make the
maneuver feel more organic. As discussed 1n greater detail
below, embodiments 1n accordance with the present disclo-
sure collects a large amount of sensor and contextual data
from a multitude of vehicle and driver types to generate a
reasonably accurate model of how an average driver would
perform a lane change operation 1n a given scenario. The
data can be collected through a supervision or monitoring
mode of the vehicles, collecting and associating a plurality
of data types with each driver-performed lane change opera-
tion. This data may include both external and internal sensor
data, providing context for the lane change operation. Large
scale machine learning takes this wealth of information as an
input to generate one or more models for determining, for
the average driver, 1) 1if and when a lane change should
occur and 2) how the lane change maneuver should be
performed. Data types are identified for each driver-per-
formed maneuver and compared against a safety metric to
determine whether the driver-performed lane change opera-
tion was unsate. If unsate, that maneuver would be excluded
from the training set. In this way, without any prior knowl-
edge of the driver or the vehicle, the generated lane change
model can provide an average behavior closer replicating the
organic movement of a human driver.

In various embodiments, the fleet vehicles may include a
one or more of a variety of different vehicle types. The
systems and methods disclosed herein may be implemented
with any of a number of different vehicles and vehicle types.
For example, the systems and methods disclosed herein may
be used with automobiles, trucks, motorcycles, recreational
vehicles and other like on- or off-road vehicles. In addition,
the principals disclosed herein may also extend to other
vehicle types as well. An example hybrid electric vehicle
(HEV) 1n which embodiments of the disclosed technology
may be implemented 1s illustrated 1n FIG. 1. Although the
example described with reference to FIG. 1 1s a hybnd type
of vehicle, the systems and methods discussed herein can be
implemented in other types of vehicle including gasoline- or
diesel-powered vehicles, fuel-cell vehicles, electric vehicles,
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or other vehicles. A person of ordinary skill in the art would
understand the technology disclosed herein 1s not limited in
applicability to any particular type of vehicle platform or
operation, and nothing 1n the present disclosure should be
interpreted as limiting the scope of the technology as such.

As used herein, “autonomous driving system”™ means a
driving system implemented 1n a vehicle and configured to
operate 1n an autonomous mode. “Autonomous mode”
means that one or more computing systems are used to
navigate and/or maneuver the vehicle along a travel route
with minimal or no input from a human driver. In one or
more embodiments, the vehicle 102 may be highly auto-
mated.

FIG. 1 1llustrates a drive system of a vehicle 102 that may
include an internal combustion engine 14 and one or more
clectric motors 22 (which may also serve as generators) as
sources ol motive power. Driving force generated by the
internal combustion engine 14 and motors 22 can be trans-
mitted to one or more wheels 34 via a torque converter 16,
a transmission 18, a differential gear device 28, and a pair of
axles 30.

As an HEV, vehicle 2 may be driven/powered with either
or both of engine 14 and the motor(s) 22 as the drive source
for travel. For example, a first travel mode may be an
engine-only travel mode that only uses internal combustion
engine 14 as the source ol motive power. A second travel
mode may be an EV travel mode that only uses the motor(s)
22 as the source of motive power. A third travel mode may
be an HEV travel mode that uses engine 14 and the motor(s)
22 as the sources of motive power. In the engine-only and
HEV travel modes, vehicle 102 relies on the motive force
generated at least by internal combustion engine 14, and a
clutch 15 may be mncluded to engage engine 14. In the EV
travel mode, vehicle 2 1s powered by the motive force
generated by motor 22 while engine 14 may be stopped and
clutch 15 disengaged.

Engine 14 can be an iternal combustion engine such as
a gasoline, diesel or similarly powered engine 1n which fuel
1s 1jected mto and combusted 1n a combustion chamber. A
cooling system 12 can be provided to cool the engine 14
such as, for example, by removing excess heat from engine
14. For example, cooling system 12 can be implemented to
include a radiator, a water pump and a series of cooling
channels. In operation, the water pump circulates coolant
through the engine 14 to absorb excess heat from the engine.
The heated coolant 1s circulated through the radiator to
remove heat from the coolant, and the cold coolant can then
be recirculated through the engine. A fan may also be
included to increase the cooling capacity of the radiator. The
water pump, and 1n some instances the fan, may operate via
a direct or indirect coupling to the driveshait of engine 14.
In other applications, either or both the water pump and the
fan may be operated by electric current such as from battery
44.

An output control circuit 14A may be provided to control
drive (output torque) of engine 14. Output control circuit
14 A may include a throttle actuator to control an electronic
throttle valve that controls fuel 1njection, an 1gnition device
that controls 1gnition timing, and the like. Output control
circuit 14 A may execute output control of engine 14 accord-
ing to a command control signal(s) supplied from an elec-
tronic control unit 50, described below. Such output control
can include, for example, throttle control, fuel injection
control, and 1gnition timing control.

Motor 22 can also be used to provide motive power in
vehicle 2 and 1s powered electrically via a battery 44.
Battery 44 may be implemented as one or more batteries or
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other power storage devices including, for example, lead-
acid batteries, lithium 1on batteries, capacitive storage
devices, and so on. Battery 44 may be charged by a battery
charger 45 that receives energy from internal combustion
engine 14. For example, an alternator or generator may be
coupled directly or indirectly to a drnive shaft of internal
combustion engine 14 to generate an electrical current as a
result of the operation of internal combustion engine 14. A
clutch can be included to engage/disengage the battery
charger 45. Battery 44 may also be charged by motor 22
such as, for example, by regenerative braking or by coasting
during which time motor 22 operate as generator.

Motor 22 can be powered by battery 44 to generate a
motive force to move the vehicle and adjust vehicle speed.
Motor 22 can also function as a generator to generate
clectrical power such as, for example, when coasting or
braking. Battery 44 may also be used to power other
clectrical or electronic systems in the vehicle. Motor 22 may
be connected to battery 44 via an inverter 42. Battery 44 can
include, for example, one or more batteries, capacitive
storage units, or other storage reservoirs suitable for storing
clectrical energy that can be used to power motor 22. When
battery 44 1s implemented using one or more batteries, the
batteries can include, for example, nickel metal hydride
batteries, lithium 1on batteries, lead acid batteries, nickel
cadmium batteries, lithtum 10n polymer batteries, and other
types ol batteries.

An electronic control unit 50 (described below) may be
included and may control the electric drive components of
the vehicle as well as other vehicle components. For
example, electronic control unit 50 may control inverter 42,
adjust driving current supplied to motor 22, and adjust the
current received from motor 22 during regenerative coasting
and breaking. As a more particular example, output torque of
the motor 22 can be increased or decreased by electronic
control unit 50 through the inverter 42.

A torque converter 16 can be included to control the
application of power from engine 14 and motor 22 to
transmission 18. Torque converter 16 can 1include a viscous
fluid coupling that transfers rotational power from the
motive power source to the driveshaft via the transmaission.
Torque converter 16 can include a conventional torque
converter or a lockup torque converter. In other embodi-
ments, a mechanical clutch can be used 1n place of torque
converter 16.

Clutch 15 can be included to engage and disengage engine
14 from the drivetrain of the vehicle. In the illustrated
example, a crankshait 32, which 1s an output member of
engine 14, may be selectively coupled to the motor 22 and
torque converter 16 via clutch 135. Clutch 15 can be imple-
mented as, for example, a multiple disc type hydraulic
frictional engagement device whose engagement 1s con-
trolled by an actuator such as a hydraulic actuator. Clutch 15
may be controlled such that its engagement state 1s complete
engagement, slip engagement, and complete disengagement
complete disengagement, depending on the pressure applied
to the clutch. For example, a torque capacity of clutch 15
may be controlled according to the hydraulic pressure sup-
plied from a hydraulic control circuit (not illustrated). When
clutch 15 1s engaged, power transmission 1s provided in the
power transmission path between the crankshaft 32 and
torque converter 16. On the other hand, when clutch 15 1s
disengaged, motive power from engine 14 1s not delivered to
the torque converter 16. In a slip engagement state, clutch 135
1s engaged, and motive power 1s provided to torque con-
verter 16 according to a torque capacity (transmission
torque) of the clutch 15.
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As alluded to above, vehicle 102 may include an elec-
tronic control unit 50. Electronic control umit 50 may include
circuitry to control various aspects of the vehicle operation.
Electronic control unit 50 may include, for example, a
microcomputer that includes a one or more processing units
(e.g., microprocessors), memory storage (e.g., RAM, ROM,
etc.), and I/O devices. The processing units of electronic
control unit 50, execute instructions stored in memory to
control one or more electrical systems or subsystems in the
vehicle. Electronic control unit 50 can include a plurality of
clectronic control units such as, for example, an electronic
engine control module, a powertrain control module, a
transmission control module, a suspension control module,
a body control module, and so on. As a further example,
clectronic control units can be included to control systems
and functions such as doors and door locking, lighting,
human-machine interfaces, cruise control, telematics, brak-
ing systems (e.g., ABS or ESC), battery management sys-
tems, and so on. These various control units can be 1mple-
mented using two or more separate electronic control units,
or using a single electronic control unit.

In the example 1llustrated 1n FIG. 1, electronic control unit
50 recerves information from a plurality of sensors included
in vehicle 102. For example, electronic control unit 50 may
receive signals that indicate vehicle operating conditions or
characteristics, or signals that can be used to derive vehicle
operating conditions or characteristics. These may include,
but are not limited to accelerator operation amount, A ., a
revolution speed, N, of internal combustion engine 14
(engine RPM), a rotational speed, N, ., of the motor 22
(motor rotational speed), and vehicle speed, N;. These may
also 1nclude torque converter 16 output, N.- (e.g., output
amps indicative of motor output), brake operation amount/
pressure, B, battery SOC (1.e., the charged amount for
battery 44 detected by an SOC sensor). Accordingly, vehicle
102 can include a plurality of sensors 52 that can be used to
detect various conditions internal or external to the vehicle
and provide sensed conditions to engine control unit 50
(which, again, may be implemented as one or a plurality of
individual control circuits). Non-limiting examples of the
various internal or external conditions may include, but 1s
not limited to, road conditions, weather, vehicles i prox-
imity to vehicle 102, number of occupants, speed of vehicles
in proximity to vehicle 102, location of vehicle 102 on the
road, among other conditions. In some embodiments, sen-
sors 32 may be included to detect one or more conditions
directly or indirectly such as, for example, fuel efliciency,
E., motor efliciency, E, -, hybnid (internal combustion
engine 14+MG 12) efliciency, acceleration, A, etc. In
various embodiments, vehicle 102 can include a plurality of
sensors 52 that can be used to detect various driver actions,
including but not limited to driver-monitoring cameras,
steering wheel inputs, directional signaling controls, and
other sensors 52 configured to detect driver actions.

In some embodiments, one or more of the sensors 52 may
include their own processing capability to compute the
results for additional information that can be provided to
electronic control unit 50. In other embodiments, one or
more sensors may be data-gathering-only sensors that pro-
vide only raw data to electronic control unit 50. In further
embodiments, hybrid sensors may be included that provide
a combination of raw data and processed data to electronic
control unit 50. Sensors 52 may provide an analog output or
a digital output.

Sensors 32 may be included to detect not only vehicle
conditions but also to detect external conditions as well.
Sensors that might be used to detect external conditions can
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include, for example, sonar, radar, lidar or other vehicle
proximity sensors, and cameras or other image sensors.
Image sensors can be used to detect, for example, traflic
signs 1ndicating a current speed limit, road curvature,
obstacles, and so on. Still other sensors may include those
that can detect road grade. While some sensors can be used
to actively detect passive environmental objects, other sen-
sors can be included and used to detect active objects such
as those objects used to implement smart roadways that may
actively transmit and/or receive data or other information.
Sensors 52 can further include hardware and software con-
figured to enable vehicle to vehicle (V2V), vehicle to

everything (V2X), vehicle to everything (V2E), or a com-
bination of mformation exchange between the vehicle and
external enfities. As a non-limiting example, where both
vehicles are capable of such communication, the trailing
vehicle 1n the target lane may transmit its current speed and
acceleration data to vehicle 102, which can then use that
information in making the lane change decision. In various
embodiments, other types of information may be transmitted
to vehicle 102 from other vehicles and/or connected devices
(e.g., tratlic lights, road markers, etc.).

Vehicle 102 can have one or more operational modes, one
or more of which can be configured to record data associated
with driver performance. As a non-limiting example, vehicle
102 may have a manual operational mode wherein all
navigation and/or maneuvering i1s performed by a human
driver, regardless of warning or intervention systems (e.g.,
Level 0 (LLO) as defined by the National Highway Traflic
Safety Administration (NHTS)). As another example,
vehicle 102 may have a conditional automation mode where
a portion of the navigation and/or maneuvering of the
vehicle along a travel route 1s performed by one or more
computing systems ol vehicle 102, and another portion 1s
performed by a human dnver (e.g., Levels 2 (L2) and/or
Level 1 (IL1) as defined by NHTS. As another example, 1n a
monitored autonomous mode, where one or more computing
systems are used to navigate and/or maneuver the vehicle
with at least some human driver supervision required (e.g.,
Level 3 (L3) as defined by NHTS). Another example 1s a
high automation mode, wherein one or more computing
systems are used to navigate and/or maneuver a vehicle
regardless of whether a human driver responds appropnately
to a request to intervene (e.g., Level 4 (IL4) as defined by
NHTS). In these modes, driver-performed lane change
operations may be monitored and the associated sensor data
collected for use 1 modelling autonomous lane change
operations when vehicle 102 operates 1n a full automation
mode, wherein all operations are performed by without any
expectation of driver mput (e.g., Level 5 (LL5) as defined by
NHTS). These levels are provided for illustrative purposes
only. If the definitions of the levels change, or new levels are
added, a person of ordinary skill 1n the art would understand
which mode such changes and/or new levels would {fall
based on the definitions.

Vehicle 102 can be configured to switch between the
various operational modes. Such switching can be 1mple-
mented 1n any suitable manner, now known or later devel-
oped. The switching can be performed automatically, or 1t
can be done response to receiving a manual 1input or request.

FIG. 1 1s provided {for illustration purposes only as
examples of vehicle systems with which embodiments of the
disclosed technology may be implemented. One of ordinary
skill in the art reading this description will understand how
the disclosed embodiments can be implemented with various
vehicle platiorms.
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FIG. 2 illustrates an example architecture for sensor data
collection and transmission in accordance with embodi-
ments of the present disclosure. As shown, architecture
includes a autonomous driving system 200 (comprising a
lane change modelling circuit 210, a plurality of sensors 52,
a plurality of cameras 160, and a plurality of vehicle systems
158. Sensors 52, cameras 160, and vehicle systems 158 can
communicate with lane change modelling circuit 210 via a
wired or wireless communication interface. Although sen-
sors 32, cameras 160, and vehicle systems 158 are depicted
as communicating with lane change modelling circuit 210,
they can also communicate with each other as well as with
other vehicle systems. Lane change modelling circuit 210
can be implemented as an ECU or as part of an ECU such
as, for example electronic control unit 50. In other embodi-
ments, lane change modelling circuit 210 can be imple-
mented independently of the ECU.

Lane change modelling circuit 210 i this example
includes a communication circuit 201, a decision circuit
(including a processor 206 and memory 208 1n this example)
and a power supply 205. Components of lane change mod-
elling circuit 210 are 1llustrated as communicating with each
other via a data bus, although other communication 1n
interfaces can be included.

Processor 206 can include a GPU, CPU, microprocessor,
or any other suitable processing system. The memory 208
may include one or more various forms of memory or data
storage (e.g., flash, RAM, etc.) that may be used to store the
calibration parameters, images (analysis or historic), point
parameters, mstructions and variables for processor 206 as
well as any other suitable information. Memory 208, can be
made up of one or more modules of one or more diflerent
types of memory, and may be configured to store data and
other information as well as operational instructions that
may be used by the processor 206 to operate lane change
modelling circuit 210.

Memory 208 can store non-transitory machine-readable
instructions executable by processor 206 to receive data
from sensors 32, cameras 160, and/or vehicle systems 158 to
determine whether a lane change should occur and, 11 so,
how such maneuver should be performed. A lane change
model deployed 1n lane change modelling circuit 210 can
use the data to make a decision on making a lane change, the
model having been developed 1n accordance with embodi-
ments of the present disclosure (discussed in detail below).
Based on the contextual information (external and/or inter-
nal), processor 206 (executing the model) can predict if a
lane change should be made (e.g., slower traflic in current
lane), and how the maneuver can be completed in a safe
manner and 1n a more organic way (determined by the model
alter tramning as discussed below).

In some embodiments, determining whether a lane change
should occur and/or how to perform a lane change can be
determined by scoring the similarity of the current scenario
(based on the collected contextualize data) to a baseline
model of the lane change model. As a non-limiting example,
scoring whether to perform a lane change may be affected
based on the distance between the vehicle’s current position
and a destination. If the distance falls below a particular
passing threshold, a lane change may not be warranted
regardless of slower traflic in the current lane. Moreover, a
turning threshold may be used to determine whether the
vehicle 1s within a certain distance of an intended exit or turn
and needs to change lanes to be in position to execute the
maneuver. For determining how to conduct a lane change,
the scoring could be aflected by the speed of vehicles 1n the
lane to which the vehicle intends to move. If the trailing
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vehicle’s speed exceeds a closing speed threshold, processor
206 can lower the score of maneuvers in which no accel-
eration ol the vehicle 1s included when making the lane
change.

Scores may be provided for a number of different param-
eters relevant to determine a safe lane change, including but
not limited to closing speed of trailing vehicles, amount of
space available 1n intended lane, speed of a vehicle 1n front
in the same lane, conditions of the road, environmental
conditions, position of vehicle relative to destination, layout
of upcoming roadway, among others. This 1s not intended as
an exhaustive list, but 1s provided to illustrate the granularity
with which scoring may be performed. The lane change
model can be trained to identify relationships between the
various parameters, enabling lane change modelling circuit
210 to make determinations 1n real-time and specific to the
given parameters of the scenario.

Although the example of FIG. 2 1s illustrated using
processor and memory circuitry, as described below with
reference to circuits disclosed herein, decision circuit 203
can be implemented utilizing any form of circuitry includ-
ing, for example, hardware, software, or a combination
thereof. By way of further example, one or more processors,
controllers, ASICs, PLAs, PALs, CPLDs, FPGAs, logical
components, soltware routines or other mechanisms might
be implemented to make up a lane change modelling circuit
210.

Communication circuit 201 either or both a wireless
transcerver circuit 202 with an associated antenna 214 and a
wired I/O interface 204 with an associated hardwired data
port (not illustrated). As this example 1llustrates, communi-
cations with lane change modelling circuit 210 can include
either or both wired and wireless communications circuits
201. Wireless transceiver circuit 202 can include a trans-
mitter and a receiver (not shown) to allow wireless com-
munications via any of a number of communication proto-
cols such as, for example, WiF1, Bluetooth, near field
communications (NFC), Zighee, and any of a number of
other wireless communication protocols whether standard-
1zed, proprietary, open, point-to-point, networked or other-
wise. Wireless transceiver circuit 202 can also include a
transmitter and a receiver (not shown) to allow cellular
communications via any of a number of cellular communi-
cation standards, such as, for example, 3G, 4G, LTE, EDGFE,
3G, or other cellular standards. Antenna 214 1s coupled to
wireless transceiver circuit 202 and 1s used by wireless
transceiver circuit 202 to transmit radio signals wirelessly to
wireless equipment with which it 1s connected and to receive
radio signals as well. These RF signals can include infor-
mation of almost any sort that 1s sent or received by lane
change modelling circuit 210 to/from other entities such as
sensors 52, cameras 160, and vehicle systems 158.

Wired 1I/O iterface 204 can include a transmitter and a
receiver (not shown) for hardwired communications with
other devices. For example, wired I/O interface 204 can
provide a hardwired interface to other components, includ-
ing sensors 52, cameras 160, and vehicle systems 158. Wired
I/O interface 204 can commumnicate with other devices using
Ethernet or any of a number of other wired communication
protocols whether standardized, proprietary, open, point-to-
point, networked or otherwise.

Power supply 205 can include one or more of a battery or
batteries (such as, e.g., Li-1on, Li-Polymer, NiMH, NiCd,
NiZn, and NiH,, to name a few, whether rechargeable or
primary batteries), a power connector (e.g., to connect to
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vehicle supplied power, etc.), an energy harvester (e.g., solar
cells, piezoelectric system, etc.), or 1t can include any other
suitable power supply.

Lane change modelling circuit 210 can communicate with
sensors 52. The description with the present disclosure for
common references should be interpreted as applying to all
figures 1n which such common reference 1s present unless
explicitly stated otherwise. “Sensor” means any device,
component, and/or system that can detect, determine, assess,
monitor, measure, quantify, and/or sense something. The one
or more sensors can be configured to detect, determine,
assess, monitor, measure, quantily, and/or sense in real-time.
As used herein, “‘real-time” means a level of processing
responsiveness that a user or system senses as sufliciently
immediate for a particular process or determination to be
made, or the enables the processor to keep up with some
external process. In various embodiments, sensors within
sensors 52 can work independently from each other, while 1n
other embodiments one or more sensors within sensors 52
can work in combination with each other.

Sensors 32 can include additional sensors that may or not
otherwise be included on a standard vehicle 10 with autono-
mous driving system 200 1s implemented. In the illustrated
example, sensors 52 include vehicle acceleration sensors
212 (e.g., speedometer), vehicle speed sensors 214, wheel-
spin sensors 216 (e.g., one for each wheel), a tire pressure
monitoring system (ITPMS) 220, accelerometers such as a
3-axis accelerometer 222 to detect roll, pitch and yaw of the
vehicle (e.g., a gyroscope, accelerator, inertial measurement
unit, or any other sensor for sensing position and orientation
of vehicle 102), driver mput sensors 224 (e.g., steering
wheel mputs), left-right and front-rear slip ratio sensors 226,
environmental sensors 228 (e.g., to detect salinity or other
environmental conditions), and road condition sensors 232
(e.g., surface conditions, traflic level, etc.). Environmental
sensors 122 can be configured to acquire, detect, determine,
assess, monitor, measure, quantily, and/or sense driving
environment data, including but not lmmited to data or
information about the external environment in which vehicle
102 1s located, objects within said environment (stationary
and/or dynamic), lane markers, signs, traflic lights, traflic
signs, lane lines, crosswalks, curbs proximate to vehicle 102,
among others. Additional sensors 234 can also be included
as may be appropriate for a given implementation of lane
change modelling circuit 210, including but not limited to
seat position sensors, haptic actuators, and sensors 32 dis-
cussed with respect to FI1G. 1 (e.g., sonar, radar, lidar or other
vehicle proximity sensors). As another non-limiting
example, 1dentification sensors can be included 1n sensors
52. Identification sensors can include i1dentification readers
(e.g., NFC, RF, ZigBee) configured to detect an 1dentifica-
tion signal emitted from an 1dentification tag (e.g., in the key
fob or a separate tag held by the individual). In other
embodiments, the identification sensors may include bio-
metric 1dentification systems, icluding but not limited to
ocular sensors, fingerprint readers, facial recognition sys-
tems, voice recognition, or other biometric indicator.

Cameras 160 can include any number of different vehicle
image sensor components or subsystems used to capture
images of scenes both internal and external to the vehicle.
“Camera’” mncludes any device(s), component(s), and/or sys-
tem(s) configured to capture visual data, including video
and/or 1mage data in any suitable form. In this example,
cameras 160 include interior facing cameras 262 oriented to
capture visual data from the interior of the vehicles (e.g.,
driver monitoring, eye tracking, etc.), front facing cameras
264 oriented to capture visual data of the scene of the area
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in front of the vehicle, side facing cameras 266 oriented to
capture visual data of the scene on either side of the vehicle
(e.g., side mirror cameras), and rear facing cameras 268
oriented to capture visual data of the scene behind the rear
of the vehicle (e.g., backup cameras). Cameras 160 can be
any type ol image sensor system known in the art, including
high-definition cameras, high dynamic range cameras, inira-
red (IR) cameras, a lens and detector array system (e.g.,
charge coupled device (CCD) sensor, complementary metal
oxide semiconductor (CMOS) sensor, etc.). In various
embodiments, one or more of cameras 160 can be configured
to not change position relative to vehicle 102, while 1n other
embodiments one or more cameras 160 can be configured to
change position, relative to vehicle 102, a driver or occu-
pant, motion within an interior or exterior of the vehicle, or
a combination thereof.

Vehicle systems 158 can include any of a number of
different vehicle components or subsystems used to control
or monitor various aspects of the vehicle and 1ts perfor-
mance. In this example, vehicle systems 158 includes a
propulsion system 276, a braking system 274, a steering
system 278, a throttle system 273, a transmission system
2775, a signaling system 279, suspension system 280 such as,
for example, an adjustable-height air suspension system, and
other vehicle systems, and a GPS or other vehicle position-
ing system 272. Data collected by vehicle systems 158 may
be used in providing additional context for a particular
driver-performed lane change operation to facilitate more
granular differentiation between scenarios for determine 1f
and how to perform an autonomous lane change maneuver.
For example, data from suspension system 280 may be used
in determining whether a particular maneuver would be safe
based on the particular road conditions. Other vehicle sys-
tems 282 can be included 1n various embodiments, such as
but not limited to safety systems, the electrical system,
occupant identification systems, among others.

As discussed above, embodiments 1n accordance with the
present disclosure utilizes a large quantity of driver-per-
formed lane change maneuver data to generate a model of
the “average” driver. With respect to the present disclosure,
an “average driver model” comprises a tramning set of a
plurality of safe lane change maneuvers performed in a
variety of diflerent scenarios, which can be compared with
real-time data to determine the probability of performing a
lane change 1n the safest manner (including deciding not to
make a lane change). In this way, a more organic lane change
model may be programmed into an autonomous or semi-
autonomous driving system at the start, enabling the vehicle
to make lane changes 1n a manner more similar to that of a
human drniver.

FIG. 3 illustrates an example lane change modelling
system 300 1n accordance with embodiments of the present
disclosure. Lane change modelling system 300 1s provided
for 1llustrative purposes only, and should not be interpreted
as limiting the scope of the technology to only the illustrated
embodiment. Although discussed as a single system, a
person of ordinary skill in the art would understand that the
components of lane change modelling system 300 may be
contained within the same device and/or data center 1n some
embodiments, while 1n others the different components may
be dispersed across a distributed network. Portions of lane
change modelling system 300 may be contained on the
vehicles themselves (e.g., within the ECU) or in a cloud
computing system. Lane change modelling system 300 may
be a stand alone neural networking system configured to
conduct the modelling and prediction functions discussed
herein, while 1 other embodiments lane change modelling
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system 300 may be incorporated into a single autonomous
driving modelling system. A person of ordinary skill in the
art would understand that the technology disclosed herein 1s
applicable 1in any type of predictive modelling and machine
learning 1implementation where related lane change data 1s
available.

As shown 1n FIG. 3, lane change modelling system 300
includes a network interface 301 communicatively coupled
to a network 302. As discussed above, lane change model-
ling system 300 uses as an mput data for driver-performed
lane change operations collected from a variety of sensors
and other information sources. In various embodiments,
network 302 may comprise one or more different networks,
cach comprising a different network communication proto-
col. Network interface 301 can include either or both of a
wireless transceiver circuit with an associated antenna and a
wired /O interface, similar to the communication circuit
201 discussed with respect to FIG. 2. Network interface 301
of FIG. 3 1s configured to enable lane change modelling
system 300 receive mput data from the fleet vehicles and
other connected sources (e.g., Internet, infrastructure equip-
ment, etc.) for use in modelling operations.

Lane change modelling system 300 1s configured to take
the large amount of data available from a fleet of vehicles to
model the average driver’s lane change behavior. Data
received through network interface 301 1s normalized and
sorted by organizer 303 1n various embodiments. In various
embodiments, organizer 303 can comprise a dedicated pro-
cessing resource of a computing device, a data center, a
distributed computing network, and/or a cloud computing
system. In various embodiments, organizer 303 may com-
prise a neural network within lane change modelling system
300, such as but not limited to a recurrent neural network, a
modular neural network, or other type of neural network.

Orgamizer 303 can comprise a data tagger 303q and a
satety parser 303¢. Data tagger 303a can be configured to
mark or tag recerved drniver-performed lane change opera-
tion data such that the data 1s associated together and
identifiable. In various embodiments, data tagger 303a may
comprise one or more circuits comprising hardware, soit-
ware, and/or firmware configured to mark received data
streams as being received from a particular driver, from a
particular vehicle, from a particular type of vehicle, among
other i1dentifiable criteria. In various embodiments, data
tagger 303a can add an identifier to the metadata of the
collected data. As a non-limiting example, data tagger 303a
can add to each data recerved a metadata tag indicating the
data stream over which the data was received, a time stamp
indicating when the data was received, the name of the
connected vehicle from which the data was collected, among
others.

Orgamizer 303 can further include a safety parser 3035. As
discussed above with respect to FIGS. 1 and 2, embodiments
of the present disclosure can compare the received data
regarding a driver-performed lane change operation to deter-
mine whether the maneuver was safe or unsate, and discard
unsafe maneuvers from being included in the training data
set. Safety parser 30356 can comprise circuits comprising
hardware, software, and/or firmware configured to compare
received data against respective safety thresholds. As a
non-limiting example, safety parser 3035 can maintain a
closing speed threshold representing a maximum speed of a
closing vehicle considered sate by the system, based on
governmental or organizational safety policy requirements
and regulations. This 1s provided only as an example; a
person of ordinary skill 1n the art would understand how to
generate salety thresholds related to each of the different
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types ol data received from the vehicles. Non-limiting
examples include safety thresholds for closing distance,
space available 1n target lane, speed of vehicles 1n front of
the vehicle, weather conditions, road conditions, accelera-
tion ability of the vehicle platform type, amount of steering
wheel mput during lane change operation, among others.

When safety parser 3035 determines that one or more
satety thresholds are not met, that specific dnver-performed
lane change operation can be discarded and not included 1n
the generic model traiming data set. In other words, safety
parser 3035 i1dentifies all of the recerved data marked or
tagged by data tagger 303a as being related to the same
driver-performed lane change operation and discard all of
that data. In various embodiments, 1 any safety threshold 1s
not met, safety parser 3035 can discard that specific driver-
performed lane change operation’s data, while in others
safety parser 3035 may weight certain safety thresholds
more than others, providing a tolerance level for driver-
performed lane change operations. As a non-limiting
example, 1n such embodiments a safety threshold concern-
ing turn signal use can be given a lower weight than other
thresholds. Where only the turn signal safety threshold 1s not
met but the maneuver was otherwise deemed “safe,” safety
parser 3035 can add the maneuver to the tramning data set
repository 304. In various embodiments, traiming data set
repository 304 can include a memory controller or other
circuitry and/or software to normalize the data from safety
parser 3035 for use in modelling.

Model controller 305 can provide two options for training,
machine learning models. As discussed above, lane change
modelling system 300 can determine an “average” driver
behavior model based on the plurality of diverse driver-
performed lane change operations collected from network
302. As 1llustrated in FIG. 3, model controller 305 includes
a generic modeling 305a operation and a specific modeling
30355 operation.

Generic modeling 305a can be configured to generate the
generic model of an average driver, generated based on the
accumulated driver-performed lane change operations from
the fleet of vehicles. A training data set from training data set
repository 304 1s retrieved and used to generate an average
driver model. FIG. 6 A shows an example driver-performed
lane change data plot 1n accordance with embodiments of
the present disclosure. The example driver-performed lane
change data plot can be used in generating a generic driver
profile, like the generic model generated by generic model-
ing 3035a discussed with respect to FIG. 3. Each data point
(“0”) 601 1s mndicative of a dnver-performed lane change
maneuver, representing a plurality of factors defining the
lane change maneuver. The model controller 305 of FIG. 3
can consider a plurality of different criteria for determining
if the maneuver falls within the safety boundary 603 shown
in FIG. 6 A. Non-limiting examples of criteria which may be
included 1n determining where a driver-performed lane
change maneuver 1s safe can include: speed of the vehicle;
activity within the vehicle (e.g., data from interior cameras);
traflic level; weather conditions; external hazards; angle of
attack for the maneuver (i1.e., amount of jerk in the steering
wheel; vehicle platform type (e.g., sedan, pick-up, SUV);
speed to perform the maneuver; closing speed of trailing
vehicles; among others. This listing 1s provided only for
illustrative purposes, and each data point could be deter-
mined using a plurality of additional data.

As shown 1 FIG. 6A, the data points 601 are dispersed
within and around the safety boundary 605. Many data
points 601 fall within the safety boundary 603, indicating the
maneuver was deemed safe, such as sate data point 601a. In
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various embodiments, the collection of safe data points 6014
can be used by the model controller 305 1n creating the
generic model for autonomous lane change maneuvers (1.e.,
constitutes the traiming data set). Maneuvers deemed unsaie
fall outside of the safety boundary 605, such as unsafe data
point 6015. In various embodiments, the unsafe data points
6016 can be excluded from the training data set, ensuring
that only safe data points 601a are present 1n the traiming
data set. In some situations, a driver-performed lane change
maneuver may fall along the boundary line of satety bound-
ary 605, such as boundary data pomnt 601c. In various
embodiments, boundary data points 601c can be always
1gnored, while 1n other embodiments boundary points can be
included which fall within a threshold distance from the
boundary of the safety boundary 605. In various embodi-
ments, the threshold can be set at a percentage difference
between boundary data point 601¢ and the boundary of the
safety boundary 605. As a non-limiting example, the thresh-
old could be set such that a boundary data point 601¢ which
1s within safety boundary 605 and offset from the boundary
by less than 25% 1s disregarded, as the boundary data point
601c 1s closer to being unsafe than safe. The threshold value
1s provided for illustrative purposes only, and a person of
ordinary skill 1in the art would understand that setting the
threshold value depends on the requirements of the 1mple-
mentation. The examples provided would not be interpreted
as limiting the scope of the technology only to the illustra-
tive example. Using this traiming data set, model controller
305 can generate an average (generic) driver lane change
maneuver profile suitable for all vehicle platforms.

As discussed above, specialized driver models can be
created, both for different individuals and for different
vehicle platforms. FIGS. 6B and 6C show the generation of
an entity-specific lane change model 1n accordance with
embodiments of the present disclosure. FIGS. 6B and 6C
can be 1llustrative of the specific model generation per-
tformed by specific modelling 30556 of model controller 305
of FIG. 3. The “entity” of an entity-specific lane change
model can refer to an individual, a vehicle platform type, or
a vehicle model type, among others. A person of ordinary
skill in the art would understand that the specification can be
even more granular, 1f desired, based on the requirements of
the implementation, and the listed entities above are pro-
vided for illustrative purposes only and should not limit the
scope of the technology disclosed herein.

To generate an entity-specific model the system needs to
collect data associated with the particular entity. In various
embodiments, the collected data can be associated with an
individual, a vehicle platiform type, or a model type, among
others. In various embodiments, the data collected can be
tagged or otherwise identified with an individual, platform
type, or other identifying factor suitable for generating a
entity-specific lane change maneuver profile. As shown 1n
FIG. 6B, entity-specific data points 602 can be collected.
The entity-specific data points (“+7) 602 can be generated 1n
the same manner as the data points 601 discussed with
respect to FIG. 6 A, only being based on collected informa-
tion associated with that entity. As a non-limiting example,
if an enftity-specific model i1s being generated for Driver A,
cach entity-specific data point 602 would be generated only
using driver-performed lane change data associated with
Driver A. In this way, an entity-specific training data set can
be developed.

Because a large amount of data i1s required to generate an
accurate model of an entity’s lane change performance,
specific modelling 3055 by model controller 305 does not
occur immediately. A density of entity-specific data points
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602 1s required for there to be suflicient data indicative of a
disconnect between the generic model and how this entity
performs. In FIG. 6B, such a density 1s missing, with only
a sporadic entity-specific data points 602 present. Like the
data points 601, enftity-specific data points 602 can fall
outside the safety boundary and be discarded, like unsafe

data point 6015, within safety boundary 605 and included 1n
the training data set, like safe data point 601a, or on the
boundary and treated as either sale or unsaie, like with
boundary data pomnt 601c. In various embodiments, an
entity-specific model may not be generated where there 1s an
insuilicient amount of entity-specific data points or where
there 1s not a high density of entity-specific data points 602a
indicative of a variation from the generic model.

Where a density of entity-specific data points 602a are
determined, the entity-specific lane change model can be
generated. FIG. 6C shows a high density grouping of
entity-specific data points indicating the variation, 1n accor-
dance with the technology disclosed herein. As shown, a
high density region 610 of entity-specific data points 602a 1s
present within safety boundary 605. In various embodi-
ments, this 1s an indication that the entity prefers to perform
lane change maneuvers 1 a manner different from the
generic model. Now that a density region 610 1s present,
model controller 305 of FIG. 3 can begin to generate an
entity-specific lane change maneuver model using the entity-
specific data points 602a. In various embodiments, gener-
ating the entity-specific lane change maneuver model can be
done by modilying the generic model adding the entity-
specific data points 602a within the density region 610 to the
generic training data. The additional entity-specific data will
result in changes to the generic model in those regions,
making the model operate 1n a manner closer to that of the
driver 1f manually controlling the car 1n similar situations
and generating an entity-specific lane change maneuver
model. The entity-specific model 1s similar to the generic
model, but the density region 610 data creates a modified
region that 1s specifically tailored to how the entity prefers
to perform the maneuver 1n similar situations. A threshold
density may be required before such modification 1s per-
formed. In various embodiments, the threshold density may
be determined based on the particular requirements of the
implementation.

In other embodiments, the entity-specific lane change
maneuver model can be created by using only the entity-
specific data points 602a. Such a model can only be gener-
ated when a data set threshold has been met. The data set
threshold 1s a set number of entity-specific data points 602a
talling within the satety boundary 605. When exceeded, the
system has suflicient data to confidently model using only
the entity-specific data. In this way, the entity-specific model
can be created that 1s tailored to the particular entity.

The generated entity-specific model can be associated
with the enfity and, when necessary, the entity-specific
model can be used instead of the generic model. As a
non-limiting example, where the entity 1s an individual
driver, an enfity-specific lane change maneuver model 1s
assoclated with that driver and, when that driver 1s detected
to be piloting a vehicle, the system can upload the associated
entity-specific lane change maneuver model to the vehicle.
In this way, when the vehicle 1s operating 1n an autonomous
or semi-autonomous mode, the vehicle will still perform
lane changes 1n a manner similar to the driver. As another
non-limiting example, where the entity 1s a vehicle platform
type, an entity-specific lane change maneuver model can be
created for that particular vehicle platform type (e.g., a
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sedan), and this entity-specific model can be used by all
sedans when placed 1nto autonomous or semi-autonomous
mode.

In various embodiments, class-specific lane change
maneuver models can be created by applying different safety
criteria, defimng 1n a different safety boundary 605. Chang-
ing the safety boundary 605 will change the relative location
of data points 601, 602, resulting in changes to the resulting
model. As a non-limiting example, when children are pres-
ent 1 the car some maneuvers previously considered safe
when only adults were present may be considered less safe
with children present. In such situations, the criteria defining,
the safety boundary 6035 can be changed, resulting 1n some
maneuvers previously deemed safe falling outside of the
revised safety boundary 605. Model controller 305 can then
generate a class-specific lane change maneuver model to use
when children are present in the vehicle. The generic lane
change model discussed above can be considered a type of
class-specific lane change maneuver model, with the class
being the average driver. In various embodiments, model
controller 305 can combine more than one training data set
to generate hybrid-specific lane change maneuver models.
As a non-limiting example, model controller 305 can use
both a driver-specific tramning data set and a children-
specific training data set i the specific modelling 3055,
resulting 1n a model to use when the driver 1s detected as
operating the vehicle but there are also children present.
Detecting the presence of individuals can be accomplished
through a variety of diflerent methods for 1dentify occupants
well-known 1n the art.

The various types of models discussed herein enable any
vehicle to perform lane changes more organically and
human-like from the first time it starts up. The generic model
can be used to provide some level of organic motion as a
baseline. Entity-specific models can provide more granular-
ity, allowing the model to be tailored to the specific likes and
needs of a driver, a vehicle platform type, etc. Class-specific
models can be used to covering classes of variables, such as
(but not limited to) children. Even greater granularity can be
obtained through hybrid-specific lane change models, gen-
crated using training data sets from different entity-specific
and class-specific models.

FIG. 4 shows an example generic model generation
process 400 1n accordance with embodiments of the present
disclosure. At operation 402 a plurality of data associated
with dniver-performed lane change maneuvers 1s collected.
Collecting the plurality of data can be performed as dis-
cussed above with respect to network interface 301 of FIG.
3, and the plurality of data can comprise the sensor data and
other imformation discussed above with respect to FIGS. 1
and 2. Once collected, the plurality of data 1s parsed and
unsafe driver-performed lane change maneuvers are dis-
carded at operation 404. The discarding of operation 404 can
be performed as discussed with respect to organizer 303 of
FIG. 3. In various embodiments, operation 404 can comprise
circuitry and/or software for associating the data received to
a specific dnver-performed lane change, such as data tagger
303a discussed with respect to FIG. 3.

Once the unsate maneuvers are discarded, a model of a
generic lane change model representing an “average™ driver
1s generated at operation 406. In various embodiments,
operation 406 can be performed through generic modeling
305a discussed above with respect to FIG. 3. In various
embodiments, generic modeling 305a can comprise one or
more pattern matching and comparison algorithms to
develop a model trained to predict when and how an average
driver would make a lane change, based on real-time nput.
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After generating the generic lane change model, 1n some
embodiments generic model generation process 400 can
proceed to operation 408, where the generated generic
model 1s compared to a legacy generic model. This operation
can be performed by model comparator 306 discussed with
respect to FIG. 3. Model comparator 306 can compare
outputs from model controller 305 against the currently-
deployed model to determine 11 an update 1s required. In
various embodiments, model comparator 306 may compare
two models (1.e., the currently deployed model and the new
model) to determine 11 there 1s a deviation 1n performance
requiring an update, based on a deviation threshold. Model
comparator 306 can compare both models 1n various sce-
narios and determine how many scenarios result 1n a differ-
ent decision. If the total number of instances of disagreement
exceeds a specific number (1.e., the deviation threshold),
model comparator 306 can determine an update 1s required
and send the new model to network interface 301 for
deployment to the vehicle. In various embodiments, when
model comparator 306 determines an update 1s required,
model comparator 306 may output the new model to traiming
data set 304. In various embodiments, model comparator
306 includes timestamp information with the new model
communicated to training data set 304, enabling model
controller 305 to determine 11 a refresh of training data 1s 1n
order (1.e., to avoid stale data being used in training).

In various embodiments, the legacy generic lane change
model 1s retrieved from a non-transitory machine-readable
memory resource, such as training data set repository 304
discussed with respect to FIG. 3. In some embodiments, the
legacy generic lane change model may be maintained 1n a
partition ol traiming data set repository 304 dedicated to
storing models, while in other embodiments a separate
memory resource, a model repository, can be used to store
generated models.

When first creating the generic lane change model, there
would be no legacy lane change model. In such instances,
operation 408 would determine that the number of disagree-
ments between the generated lane change model and the
legacy lane change model would exceed a deviation thresh-
old (e.g., the deviation threshold discussed with respect to
FIG. 3) and would deploy the generated generic lane change
model at 410 to one or more fleet vehicles. Where a previous
generic lane change model has been created, the generated
lane change model 1s compared against the legacy lane
change model with respect to a plurality of scenarios. I1 the
deviation threshold 1s exceed, the process 400 moves to
operation 410. I the deviation threshold 1s not exceeded, the
process 400 stops. The system does not make any changes.

If the generated generic lane change model 1s deployed
for whatever reason, process 400 moves to operation 412
and stores the generated generic lane change model as the
legacy generic lane change model. In various embodiments,
storing can 1nclude sending the deployed model to the same
model repository discussed above with respect to operation
406. Storing the deployed model keeps the lane change
modelling system current with respect to the versions of the
lane change model deployed 1n the fleet.

Referring back to FIG. 3, model controller 305 can also
perform specific modelling 3055. Depending on the type and
amount of data received from network 302, lane change
modelling system 300 can generate a variety of generic lane
change models for, as a non-limiting example, specific
vehicle platforms. FIG. 5 shows an example specific model
generation process 300 1n accordance with embodiments of
the present disclosure. For ease of discussion, specific model
generation process 500 shall be discussed with respect to
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generation of a vehicle platform-specific generic lane
change model. However, a person of ordinary skill in the art
would understand that the example process 500 1s applicable
to produce lane change models with different levels of
granularity. As a non-limiting example, process 500 can be
used to generate lane change models for specific drivers,
specific driving styles, specific environmental conditions, or
specific models of a given vehicle platform type, among
others. Moreover, a person of ordinary skill in the art would
appreciate that process 500 could be used to produce lane
change models having multiple levels of specification, such
as but not limited to a lane change model for a specific driver
when the driver 1s operating a specific vehicle platiorm type.
Nothing 1n this disclosure should be interpreted as limiting,
the scope of the technology only to the illustrative example
process 300.

At operation 502, a plurality of data associated with
driver-performed lane change maneuvers 1s collected, 1n the
same manner as the collection at operation 402. Each
driver-performed lane change maneuver 1s associated with a
particular vehicle platiorm type as operation 504. The prob-
ability of making a safe lane change 1n a given scenario can
differ between vehicle platforms, such as a coupe or a truck.
Each vehicle platform has 1ts own physical characteristics
which impact the ability to perform specific maneuvers.
Accordingly, various embodiments in accordance with the
present disclosure allow different generic lane change mod-
cls to be generated for each vehicle platform. In this way,
without knowing any information about the driver of the
vehicle or the specific capabilities of the vehicle (e.g., trim,
optional performance packages, after market modifications,
etc.), the vehicle 1s provided with a suitable lane change
model to utilize during operation to perform an organic and
safe lane change operation 1n autonomous or semi-autono-
mous mode. In various embodiments, associating each
maneuver with a vehicle platform type can include adding a
tag to the metadata of the associated data recerved.

After associating each maneuver with a vehicle platform
type, unsate driver-performed lane change maneuvers are
discarded for that vehicle platform type at operation 506. In
vartous embodiments, the discard procedure can be per-
formed 1n a manner similar to that discussed with respect to
organizer 303 of FIG. 3 and operation 404 of FIG. 4. In
various embodiments, the lane change modelling system
performing process 500 can maintain a plurality of diflerent
safety threshold varnations, one or more for each vehicle
plattorm type. The plurality of safety thresholds can be
stored 1In a memory resource, such as training data set
repository 304 discussed above with respect to FIG. 3, while
in other embodiments a separate memory resource can be
included to maintain safety thresholds. In various embodi-
ments, operation 5306 can comprise 1dentitying the respec-
tive vehicle platform type and retrieving the respect safety
thresholds from a memory resource. After discarding unsafe
maneuvers, process 500 moves to operation 508 and gen-
erates a generic lane change model for the vehicle platiorm
type. Operation 508 can be similar to operation 406 dis-
cussed with respect to FIG. 4, only with the generic lane
change model being generated based on a training data set
associated with a particular vehicle platform.

In various embodiments, the vehicle platform-specific
training data sets can be maintained 1n a dedicated portion of
training data set repository 304 discussed with respect to
FIG. 3, 1n the same portion but with an i1dentifier attached,
in a separate memory resource configured as a vehicle
platform-specific version of training data set repository 304,
or a combination thereof. In some embodiments, operation
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506 can comprise storing the non-discarded data 1n a dedi-
cated portion of traiming data set repository 304 discussed
with respect to FIG. 3, i the same portion but with an
identifier attached, 1n a separate memory resource config-
ured as a vehicle platform-specific version of training data
set repository 304, or a combination thereof. Operation 508
can further comprise retrieving the respective training data
set for the vehicle platform type from the respective memory
resource for use in generating the generic lane change model
for the vehicle platform type.

After generating the generic lane change model for a
given vehicle platform type, this generated model can be
compared against a legacy generic lane change model for the
respective vehicle platform type at operation 510. In various
embodiments, operation 510 can be performed 1n a manner
similar to operation 408 discussed with respect to FIG. 4. In
some embodiments, the vehicle platform-specific lane
change model may be the first lane change model generated,
meaning that the legacy generic lane change model may be
non-existent, similar to the instance where a generic lane
change model is first generated discussed above with respect
to operation 408 of FIG. 4. In such instances, operation 510
of FIG. 5 would determine that the number of disagreements
between the generated lane change model for the vehicle
platform type and the legacy model would exceed a devia-
tion threshold and decide to deploy the new generated model
to the respective vehicles. Where a previous generic lane
change model has been created, the legacy generic lane
change model can be either the generic lane change model
generated at operation 406 of F1G. 4 or the vehicle platform-
specific model generated at operation 508 of FIG. 5.

In either event, 1f the deviation threshold 1s exceeded for
any reason, process 500 moves to deployment of the gen-
crated generic lane change model at operation 512 and
storing the generated model as the legacy lane change model
for that vehicle platform type at operation 514. Operations
512 and 514 can be performed in a manner similar to
operations 410 and 412 discussed with respect to FIG. 4,
except that the deployment 1s only to vehicles within the
fleet that match the respective vehicle platform type rather
than to the entire fleet. In some embodiments, prior to
deployment a dniver of a vehicle of the type may be
prompted to determine if they would like to change the
currently deployed model. If the deviation threshold 1s not
exceeded, the process 500 stops. The system does not make
any changes.

The level of granularity for specific modelling 3055
depends on the particular implementation and the type of
data that can be collected by the lane change modelling
system. In various embodiments, the generic lane change
model of FIG. 4 can be modified to produce a specific lane
change model for a particular driver where lane change
modelling system 300 collects data identifying the driver of
the driver-performed lane change maneuvers. As a non-
limiting example, the driver-performed lane change maneu-
vers may have associated driver monitoring data from one or
more sensors (e.g., cameras) that can 1dentify the driver of
the vehicle. At operation 504, the data collected may be
associated with that particular driver and, through process
500, a driver-specific lane change model can be created. In
various embodiments, a driver-specific lane change model
can be created not only based on the generic lane change
model, but also for each of the vehicle platform-specific lane
change models, resulting 1n another layer of granularity.

Driver-specific models are often statistically tied to the
type of vehicle driven. In various embodiments, when a
driver changes vehicle types (platform or model), the driver-
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specific lane change model can be updated based on similar
changes 1n driver-specific models of other individuals.
FIGS. 7A and 7B show generation of vehicle-based driver-
specific models 1n accordance with embodiments of the
present disclosure. Although discussed with respect to spe-
cific vehicle model types, a person of ordinary skill in the art
would understand that this ability to generate a predicted
model for a driver with respect to any variable, such as but
not limited to vehicle platform type. FIG. 7A shows that a
driver-specific lane change maneuver model has been asso-
ciated for each Driver A-G with respect to vehicle 1. The
majority of the drnivers (Drivers A-E and ) are generally
grouped together, with Driver F being an outhier. When
Driver A buys new vehicle (vehicle model 2), there is
mitially no driver-specific model associated with vehicle
model 2 because Driver A has not previously driven vehicle
model 2. However, a predicted vehicle-based driver-specific
model can be generated based on similar models of other
drivers associated with vehicle model 2. As shown 1n FIG.
7B, Drivers B, D, E, F, and G have dniver-specific lane
change maneuver models associated with vehicle model 2.
Accordingly, the system can leverage the fact that Driver A
was grouped close to Drivers B, C, D, E, and G with respect
to vehicle model 1 to predict how Driver A may prefer to
perform lane changes in vehicle model 2. In thus way, a
driver-specific model can be used for Driver A when Driver
A drives vehicle model 2 for the first time, rather than
relying on the generic model at the start. As seen 1n FIG. 7B,
the predicted model for Driver A (illustrated as a broken
circle) can be generated by using the models for Drivers D,
E, and G associated with vehicle model 2. These models are
chosen because: (1) their vehicle model 1 models are similar
to the vehicle model 1 models for driver A and (2) their
vehicle model 2 models are the most likely type of model
transformation. Driver B 1s not included, despite being close
to Driver A with respect to vehicle model 1 because Driver
B’s model for vehicle model 2 1s far off from the group,
thereby being considered an outlier like Driver F. As can be
seen, Driver C 1s also not associated with vehicle model 2.

As used herein, the terms circuit and component might
describe a given unit of functionality that can be performed
in accordance with one or more embodiments of the present
application. As used herein, a component might be 1imple-
mented utilizing any form of hardware, software, or a
combination thereof. For example, one or more processors,
controllers, ASICs, PLAs, PALs, CPLDs, FPGAs, logical
components, software routines or other mechanisms might
be implemented to make up a component. Various compo-
nents described herein may be implemented as discrete
components or described functions and features can be
shared 1n part or in total among one or more components. In
other words, as would be apparent to one of ordinary skill 1n
the art after reading this description, the various features and
functionality described herein may be implemented in any
given application. They can be implemented in one or more
separate or shared components 1n various combinations and
permutations. Although various features or functional ele-
ments may be individually described or claimed as separate
components, 1t should be understood that these features/
functionality can be shared among one or more common
soltware and hardware elements. Such a description shall
not require or imply that separate hardware or software
components are used to implement such features or func-
tionality.

Where components are implemented 1n whole or 1n part
using software, these software elements can be implemented
to operate with a computing or processing component
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capable of carrying out the functionality described with
respect thereto. One such example computing component 1s
shown 1 FIG. 8. Various embodiments are described in
terms ol this example-computing component 800. After
reading this description, it will become apparent to a person
skilled 1n the relevant art how to implement the application
using other computing components or architectures.

Referring now to FIG. 8, computing component 800 may
represent, for example, computing or processing capabilities
found within a selt-adjusting display, desktop, laptop, note-
book, and tablet computers. They may be found 1n hand-held
computing devices (tablets, PDA’s, smart phones, cell
phones, palmtops, etc.). They may be found in workstations
or other devices with displays, servers, or any other type of
special-purpose or general-purpose computing devices as
may be desirable or appropriate for a given application or
environment. Computing component 800 might also repre-
sent computing capabilities embedded within or otherwise
available to a given device. For example, a computing
component might be found in other electronic devices such
as, for example, portable computing devices, and other
clectronic devices that might include some form of process-
ing capability.

Computing component 800 might include, for example,
one or more processors, controllers, control components, or
other processing devices. Processor 804 might be imple-
mented using a general-purpose or special-purpose process-
ing engine such as, for example, a microprocessor, control-
ler, or other control logic. Processor 804 may be connected
to a bus 802. However, any communication medium can be
used to facilitate interaction with other components of
computing component 800 or to communicate externally.

Computing component 800 might also include one or
more memory components, simply referred to herein as
main memory 808. For example, random access memory
(RAM) or other dynamic memory, might be used for storing
information and 1instructions to be executed by processor
804. Main memory 808 might also be used for storing
temporary variables or other intermediate information dur-
ing execution ol instructions to be executed by processor
804. Computing component 800 might likewise include a
read only memory (“ROM”) or other static storage device
coupled to bus 802 for storing static information and instruc-
tions for processor 804.

The computing component 800 might also include one or
more various forms of information storage mechanism 810,
which might include, for example, a media drive 812 and a
storage unit interface 820. The media drive 812 might
include a drive or other mechanism to support fixed or
removable storage media 814. For example, a hard disk
drive, a solid-state drive, a magnetic tape drive, an optical
drive, a compact disc (CD) or digital video disc (DVD) drive
(R or RW), or other removable or fixed media drive might
be provided. Storage media 814 might include, for example,
a hard disk, an integrated circuit assembly, magnetic tape,
cartridge, optical disk, a CD or DVD. Storage media 614
may be any other fixed or removable medium that 1s read by,
written to or accessed by media drive 812. As these
examples 1llustrate, the storage media 814 can include a
computer usable storage medium having stored therein
computer software or data.

In alternative embodiments, information storage mecha-
nism 810 might include other similar instrumentalities for
allowing computer programs or other instructions or data to
be loaded 1into computing component 800. Such nstrumen-
talities might include, for example, a fixed or removable
storage unit 822 and an interface 820. Examples of such
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storage units 822 and interfaces 820 can include a program
cartridge and cartridge interface, a removable memory (for
example, a flash memory or other removable memory com-
ponent) and memory slot. Other examples may include a
PCMCIA slot and card, and other fixed or removable storage
units 822 and interfaces 820 that allow software and data to
be transierred from storage unit 822 to computing compo-
nent 800.

Computing component 800 might also mnclude a commu-
nications interface 824. Communications interface 824
might be used to allow software and data to be transierred
between computing component 800 and external devices.
Examples of communications interface 824 might include a
modem or softmodem, a network interface (such as Ether-
net, network interface card, IEEE 802.XX or other inter-
tace). Other examples include a communications port (such
as for example, a USB port, IR port, RS232 port Bluetooth®
interface, or other port), or other communications interface.
Software/data transierred via communications interface 824
may be carried on signals, which can be electronic, electro-
magnetic (which includes optical) or other signals capable of
being exchanged by a given communications interface 824.
These signals might be provided to communications inter-
face 824 via a channel 828. Channel 828 might carry signals
and might be implemented using a wired or wireless com-
munication medium. Some examples of a channel might
include a phone line, a cellular link, an RF link, an optical
link, a network interface, a local or wide area network, and
other wired or wireless communications channels.

In this document, the terms “computer program medium”™
and “computer usable medium” are used to generally refer
to transitory or non-transitory media. Such media may be,
¢.g., training data set repository 304, memory 808, storage
unit 820, media 814, and channel 828. These and other
vartous forms ol computer program media or computer
usable media may be imvolved in carrying one or more
sequences of one or more 1structions to a processing device
for execution. Such instructions embodied on the medium,
are generally referred to as “computer program code” or a
“computer program product” (which may be grouped 1n the
form of computer programs or other groupings). When
executed, such instructions might enable the computing
component 800 to perform features or functions of the
present application as discussed herein.

It should be understood that the various features, aspects
and functionality described 1n one or more of the individual
embodiments are not limited 1n theiwr applicability to the
particular embodiment with which they are described.
Instead, they can be applied, alone or 1n various combina-
tions, to one or more other embodiments, whether or not
such embodiments are described and whether or not such
features are presented as being a part of a described embodi-
ment. Thus, the breadth and scope of the present application
should not be limited by any of the above-described exem-
plary embodiments.

Terms and phrases used in this document, and variations
thereot, unless otherwise expressly stated, should be con-
strued as open ended as opposed to limiting. As examples of
the foregoing, the term “including” should be read as
meaning “including, without limitation” or the like. The
term “example” 1s used to provide exemplary instances of
the 1tem 1n discussion, not an exhaustive or limiting list
thereot. The terms “a” or “an” should be read as meaning “at
least one,” “one or more” or the like; and adjectives such as
“conventional,”  “traditional,” ‘“normal,” ‘“standard.”
“known.” Terms of stmilar meaning should not be construed
as limiting the item described to a given time period or to an

10

15

20

25

30

35

40

45

50

55

60

65

22

item available as of a given time. Instead, they should be
read to encompass conventional, traditional, normal, or
standard technologies that may be available or known now
or at any time 1n the future. Where this document refers to
technologies that would be apparent or known to one of
ordinary skill 1n the art, such technologies encompass those
apparent or known to the skilled artisan now or at any time
in the future.
The presence of broadening words and phrases such as
“one or more,” “at least,” “but not limited to” or other like
phrases in some 1nstances shall not be read to mean that the
narrower case 1s intended or required in instances where
such broadening phrases may be absent. The use of the term
“component” does not imply that the aspects or functionality
described or claimed as part of the component are all
configured 1n a common package. Indeed, any or all of the
various aspects ol a component, whether control logic or
other components, can be combined 1n a single package or
separately maintained and can further be distributed 1n
multiple groupings or packages or across multiple locations.
Additionally, the various embodiments set forth herein are
described 1n terms of exemplary block diagrams, flow charts
and other 1llustrations. As will become apparent to one of
ordinary skill in the art after reading this document, the
illustrated embodiments and their various alternatives can be
implemented without confinement to the illustrated
examples. For example, block diagrams and their accompa-
nying description should not be construed as mandating a
particular architecture or configuration.
What 1s claimed 1s:
1. A method comprising:
collecting from a plurality of drivers, by a lane change
modelling system, a plurality of data associated with a
plurality of driver-performed lane change maneuvers;

cvaluating, by the lane change modelling system, the
collected plurality of data associated with the plurality
of dniver-performed lane change maneuvers to deter-
mine whether any driver-performed lane change
maneuvers are unsaie lane change maneuvers;

discarding, by the lane change modelling system, from the
data associated with the plurality of driver-performed
lane change maneuvers, data associated with one or
more driver-performed lane change maneuvers that are
determined to be unsafe lane change maneuvers, result-
ing 1n {iltered lane change data; and

generating, by the lane change modelling system, using

the filtered lane change data, a generic lane change
model to control performance of a lane change maneu-
ver by an autonomous driving system,

wherein the generated generic lane change model com-

prises a model lane change maneuver based on the
plurality of dniver-performed lane change maneuvers
performed by the plurality of drivers.

2. The method of claim 1, wherein collecting the plurality
ol data associated with a plurality of driver-performed lane
change maneuvers comprises:

receiving, by a network interface of the lane change

modelling system, the plurality of data over a plurality
of data streams from a plurality of connected vehicles;
and

tagging, by the lane change modelling system, a subset of

the plurality of data to each of the plurality of driver-
performed lane change maneuvers using an identifier.

3. The method of claim 2, wherein tagging each subset of
the plurality of data associated with a plurality of driver-
performed lane change maneuvers comprises one or more of
adding a metadata tag to the subset, a time stamp 1ndicating
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when the subset was received by the lane change modelling
system, or a name of the connected vehicle from which the
subset was collected by the lane change modelling system.

4. The method of claim 1, wherein discarding one or more
driver-performed lane change maneuvers comprises:

comparing a data type of a subset of the plurality of data

associated with a driver-performed lane change maneu-
ver against a respective safety threshold; and

in response to determining the safety threshold is not met,

discarding the respective driver-performed lane change
maneuver.

5. The method of claim 4, further comprising, 1n response
to determining the safety threshold 1s met, storing a plurality
of sate driver-performed lane change maneuvers in a train-
ing data set repository of the lane change modelling system.

6. The method of claim 4, wherein each safety threshold
associated with a data type comprises an associated weight,
and discarding further comprises:

in response to determining one or more safety thresholds

are not met, determining whether a set of failed safety
thresholds outweighs a set of met safety thresholds; and
in response to determining the set of failed safety thresh-
old does outweigh the set of met safety thresholds,
discarding the driver-performed lane change maneuver.
7. The method of claim 1, wherein
comparing, by the lane change modeling system, the
generated generic lane change model and a legacy lane
change model further comprises:

in response to determining a deviation threshold 1s

exceeded:

deploying the generated generic lane change model to
a plurality of connected vehicles configured to oper-
ate according to the autonomous driving system; and

storing the deployed generic lane change model as the
legacy lane change model.

8. The method of claim 7, wherein the deviation threshold
comprises a number of disagreements between the generated
generic lane change model and the legacy lane change
model.

9. The method of claim 1, further comprising associating,
cach of the driver-performed lane change maneuvers with an
individual, a vehicle platform type, or a vehicle model type.

10. The method of claim 9, comprising:

discarding one or more driver-performed lane change

maneuvers assoclated with an individual, a vehicle
platform type, or a vehicle model type determined to be
unsafe lane change maneuvers for the associated indi-
vidual, vehicle platform type, or vehicle model type;
and

generating a generic lane change model for the associated

individual, vehicle platform type, or vehicle model type
configured to control performance of a lane change
maneuver by an autonomous driving system,

wherein the generated generic lane change model for the

associated individual, vehicle platform type, or vehicle
model type comprises a model of an average lane
change maneuver based on the plurality of driver-
performed lane change maneuvers for the associated
individual, vehicle platform type, or vehicle model
type.

11. The method of claim 10, wherein discarding one or
more driver-performed lane change maneuvers for the asso-
ciated individual, vehicle platform type, or vehicle model
type comprises:

comparing a data type of a subset of the plurality of data

associated with the dnver-performed lane change
maneuver for the associated individual, vehicle plat-

10

15

20

25

30

35

40

45

50

55

60

65

24

form type, or vehicle model type against a respective
safety threshold for the respective data type for the
associated individual, vehicle platform type, or vehicle
model type; and

in response to determining the safety threshold is not met,
discarding the respective driver-performed lane change
maneuver for the associated individual, vehicle plat-
form type, or vehicle model type.

12. The method of claim 11, wherein, 1mn response to
determining the safety threshold for the associated indi-
vidual, vehicle platiorm type, or vehicle model type 1s met
comprises, storing a plurality of sate driver-performed lane
change maneuvers for the associated individual, vehicle
platiorm type, or vehicle model type 1n a training data set
repository for the associated individual, vehicle platform
type, or vehicle model type of the lane change modelling
system.

13. The method of claim 1, wherein the generated generic
lane change model enables the autonomous driving system
to determine when and how to perform a lane change based
on real-time data from a plurality of vehicle sensors, vehicle
systems, and vehicles cameras.

14. The method of claim 1, wherein the plurality of data
associated with a driver-performed lane change maneuver
comprises a plurality of vehicle data defining a scenario 1n
which the driver-performed lane change maneuver occurred.

15. A system comprising;:

a network interface configured to communicatively
couple to a plurality of connected vehicles;

a lane change modelling system communicatively
coupled to the network interface, the lane change
modelling system configured to process a plurality of
data associated with a plurality of driver-performed
lane change manecuvers performed by a plurality of
drivers and received by the network interface, and
discard data of the plurality of data associated with
unsate driver-performed lane change maneuvers;

a model controller commumnicatively coupled to the lane
change modelling system, the model controller com-
prising circuitry configured to perform one or more
modelling operations on the processed plurality of data
associated with the plurality of driver-performed lane
change maneuvers; and

a model comparator communicatively coupled to the
model controller and the network interface, the model
comparator comprising circuitry configured to compare
a generated generic lane change model output by the
model controller and a legacy lane change model to
determine whether there 1s a deviation in performance
of the generated generic lane change model that
requires an update.

16. The system of claim 15, further comprising a training
data set repository communicatively coupled to the lane
change modelling system, the model controller, and the
model comparator, the training data set repository config-
ured to store a plurality of training data sets and a plurality
of legacy lane change models.

17. The system of claim 15, wheremn the lane change
modelling system comprises:

a data tagger comprising circuitry configured to tag the
plurality of data associated with the plurality of driver-
performed lane change maneuvers with one or more
identifiers; and
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a safety parser comprising circuitry configured to deter-
mine 1 a dniver-performed lane change maneuver of
the plurality of driver-performed lane change maneu-
vers comprises a sale maneuver and:
in response to determining the driver-performed lane

change maneuver 1s a sale maneuver, storing the
plurality of data associated with the driver-per-
formed lane change maneuver 1n the training data set
repository.

18. The system of claim 15, wherein one or more of the
lane change modelling system, the model controller, and the
model comparator comprise a neural network.

19. A method comprising:

collecting, by a lane change modelling system, a plurality
ol data associated with a plurality of driver-performed
lane change maneuvers;

cvaluating, by the lane change modelling system, the
collected plurality of data associated with the plurality
of dnver-performed lane change maneuvers to deter-
mine whether any dniver-performed lane chance
maneuvers are unsale lane change maneuvers;

discarding, by the lane change modelling system, from the
data associated with the plurality of driver-performed
lane change maneuvers, data associated with one or
more driver-performed lane change maneuvers that are
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determined to be unsafe lane change maneuvers, result-
ing in filtered lane change data;
generating, by the lane change modelling system, using
the filtered lane change data, a generic lane change
model to control performance of a lane change maneu-
ver by an autonomous driving system;
comparing, by the lane change modeling system, the
generated generic lane change model and a legacy lane
change model; and
in response to determining a deviation threshold 1s
exceeded:
deploving the generated generic lane change model to
a plurality of connected vehicles configured to oper-
ate according to the autonomous driving system; and
storing the deployed generic lane change model as the
legacy lane change model,
wherein the generated generic lane change model com-
prises a model lane change maneuver based on the
plurality of driver-performed lane change maneuvers.
20. The method of claim 19, further comprising associ-
ating each of the drniver-performed lane change maneuvers

with an individual, a vehicle platform type, or a vehicle
model type.
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